i Europaisches Pat ntamt 

@ ^)fU European Pat nt Office (?) Publication number: 0 263 021 

Office europ^en des brevets A2 



J 



@ EUROPEAN PATENT APPLICATION 

(3) Application number: 87402136.3 ® Int. CI.*: B 01 D 11/02 

@ Date of filing: 24.09.87 



@) Priority: 30.09.86 US 913446 

@ Date of publication of application : 
06.04.88 Bulletin 88/14 

@ Designated Contracting States : 
BE CH OE FR GB IT LI NL SE 



@ Applicant: NATIONAL AERONAUTICS AND SPACE 
ADMINISTRATION 
NASA Headquarters 
Washington, D.C. 20546 (US) 

@ Inventor: Chang-Diaz, Franklin Ramon 
2425 Holly Hall Nr. 139 
Houston Texas 77054 (US) 

@ Representative: Mongr^dien, Andrd et at 

c/o SOCIETE OE PROTECTION DES INVENTIONS 25. rue 
de Ponthleu 
F-75008 Paris (FR) 



CM 
< 



CM 
O 

CO 

<o 

CM 



Q. 
liJ 



Infusion extractor. 

Apparatus and method of removing desirable constituents 
from an infusible material by infusion extraction, where a piston 
12 operating in a first chamber 11 draws a solvent into the first 
chamber where it may be heated, and then moves the heated 
solvent into a second chamber 20 containing the infusible 
matenal 30, and where infusion extraction takes place. The 
piston then moves the solvent containing the extract through a 
filter 22 into the first chamber, leaving the extraction residue in 
the second chamber. 
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Origin of the Invention 

The invention described herein was made by an 
employee of the United States Government and may 
be manufactured and used by or for the Government 
for governmental purposes without the payment of 
any royalties thereon or therefor. 

Technical Field 

This invention relates to infusion extraction ma- 
chines, and more particularly to an apparatus for 
supplying solvent under pressure for use as an 
infusion extraction machine. 15 

A common example of an infusion extraction 
machine is a coffee-brewing machine, but its use Is 
not limited thereto. Of particular importance in the 
application as a coffee-brewing machine is the 
special case of a coffee brewing machine for space 20 
applications where the beneficial use of gravity 
forces is not available. Other examples include use 
in obtaining natural flavorings (aroma and taste) 
from vegetable plants, the extraction of essences 
from spices, vegetable oils, as well as food products 25 
(such as sugar from beets), and the recovery of 
pharmaceutical products from plant roots, stems 
and leaves. The invention is also useful as a 
supercritical fluid extractor and as a pressure 
fermenter or digester. Any fluid capable of acting as 30 
a solvent may be used. 

Background Art 

Infusion extraction (also called "leaching", "wash- 
ing extraction", "diffusional extraction", and "solvent 35 
extraction") is the preferential solution of one or 
more constituents of a solid mixture by contact with 
a fluid solvent. As used in this application, it may also 
include the washing or carrying away of constituents 
from the surface of insoluble material and, in addition 40 
to physical solution, per se, it may include physical 
dissolution or dissolution by chemical reaction and, 
additionally, includes the release of volatiles and 
aromatlcs from both soluble and insoluble matter by 
physical and or chemical action of the solvent. While 45 
the term "solvent" is used throughout this applica- 
tion it is to be understood that, depending on the 
process and the infusible material being extracted, 
the term may apply not only to water but also to 
steam, ethyl and isopropyl alcohol, petroleum nap- 50 
thas. hexane. trichlorethylene, acetone, perchloro- 
thylene. chlorinated hydrocarbons, and other sol- 
vents used in the various extraction processes and, 
in addition, the term "solvent" as used in this 
application is not limited to solely the dissolving 55 
properties of a fluid but includes also any other fluid 
properties, physical or chemical, useful in infusion 
extraction such as, for example the physical washing 
of constituents by the fluid as well as osmotic mass 
transfer across membranes. 60 

Infusion extraction processes usually involve the 
general steps of: reducing the size of particles of the 
Infusible material, infusion extraction of the infusible 



material with a solvent, and separating the resulting 
extract and extraction residue. 

Successful infusion extraction processes involve 
appropriate preparation of the solid infusible ma- 
terial prior to the infusion. Since in some cases small 
particles of the soluble material are surrounded by a 
matrix of insoluble-matter, the solvent must diffuse 
(as by osmosis) into the mass of material and the 
resulting solution or extract must diffuse out- 
Crushing and grinding of such solids will greatly 
accelerate the action. Vegetable and animal bodies 
are cellular in structure, and the natural products to 
be extracted from these materials are usually found 
inside the cells. Grinding, crushing, or rolling to 
various sizes are sometimes useful in rupturing the 
cell walls and thus exposing the material to be 
dissolved or washed in the extraction process. 
Different "grinds" of coffee, have been found 
preferable for different brewing processes. Grinding, 
however, hastens volatility. Ground coffee, for 
example begins to lose freshness when exposed to 
the air because of oxidation of the chemical 
ingredients that provide the flavor and aroma. The 
vacuum packing of coffee after grinding has. 
therefore, been practices for many years. The flavor 
and fragrance industry utilizes the extracts and 
distillates of many natural products (flowers, leaves, 
stems, roots, fruits, etc.). These serve as key 
ingredients for the preparation of compounded 
flavors and fragrances. A problem facing aromatic 
extract producers is that many of the more important 
aromatic components of natural products are quite 
volatile and exist in extremely small concentrations 
i.e.. parts per million and even parts per billion 
(Teraniski, et al, "Flavor Research, Principles and 
Techniques", Marcell Dekker, Inc., 1971, p.39). An 
extraction process wherein the infusible material 
remains hermetically sealed prior to and during 
extraction would, therefore, be advantageous. 

Some ground material, e.g., coffee, swells when it 
absorbs liquid slowing the percolation of gravity-fed 
devices and if pressure is used to force liquid 
through the ground matter it is thereby compacted, 
thus even further reducing flow rates. Preferred 
routes, "tunnels" or "channels", may even be formed 
in the batch when water is allowed or forced to flow 
through the batch without agitation. In preferred 
routes or channels, a disproportionate amount of the 
liquid passes through the channels and the soluble 
constituents are leached from the particles adjacent 
to the channel depleting them early, and liquid later 
passing through the channels thus does not extract 
as much, while still other particles not adjacent to 
channels remain virtually unleached (i.e.. there is no 
uniformity of contact between solvent and infusible 
material). That is. devices which pass solvent 
through the batch of infusible material negate the 
well known benefits of "agitation." Theriefore, mixing 
liquid solvent and infusible solid material in a 
receptacle so that infusible material is suspended in 
this solvent, and then withdrawing the liquid extract 
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may be preferable to forcing liquid through the 
infusible material. It would thus be advantageous to 
allow solvent to be moved into infusible material, 
agitating it and suspending it in the solvent, and 
thereby assuring more uniform contact with, and 
infusion extraction by, the solvent. 

It is well known that relatively higher temperatures 
sometimes accelerate the infusion extraction pro- 
cess and generally the higher the temperature the 
faster and more complete the process and the 
higher the concentration of the extract. The In- 
creased rate is due, among other things, to lower 
viscosity when a liquid solvent is used. However, it is 
possible to get temperatures too high for the 
particular infusion material, sugar beets for example, 
yield undesirable solutes or cause chemical dete- 
rioration of the product if processed at too high a 
temperature. In other words, for any given product 
there is an optimum temperature or temperature 
range. For example, the non-profit Coffee Brewing 
Institute. Inc. of the Pan American Coffee Bureau, 
has recommended 195° F ± 5°F as the optimum 
water temperature for brewing coffee. It Is desirable 
therefore, to permit close temperature control of the 
solvent-infusible material mixture. 

Another important parameter of the infusion 
extraction process is the "steep" time or length of 
time the solvent is maintained in contact with the 
infusible material. In the case of coffee and tea, for 
example, too long a contact time results in a 
beverage which is too strong and bitter, whereas too 
short a contact time yields a weak drink. The time of 
infusion is critical for other products as well, and the 
time of percolation due to gravity, since it is 
dependent on a number of factors (particle size, 
geometric configuration of container, etc.) may be 
too long or too short for the optimum infusion 
extraction in a particular process. Spices, for 
example, are derived from various parts of plants: 
leaf, flower, fruit, and barks and while some are used 
in their natural state (after drying and grinding), there 
is quite a market for spice extracts (generally 
oleoresins). The oleoresins are usually separated by 
use of a solvent in infusion extractions and usually by 
gravity percolation of solvent through the ground 
solid. Various solvents may be used depending on 
the particular spice. Time of contact with solvent is a 
sensitive parameter determining not only the con- 
centration of the extract but its composition as well, 
the solubility of some constituents depending on 
time of contact with the solvent as well as its 
temperature. The rate at which infusion extraction 
takes place depends on a number of variables of 
which incomplete knowledge is available at this time. 
The washing of a solution from the surface of 
impervious solid particles may be expected to be 
very rapid, requiring only the mixing of infusible 
material and solvent, whereas, leaching of a solute 
from the internal parts of a solid will be relatively 
slow. The rate of dialysis or osmosis, dissolving of 
solute from matrix of insoluble matter, and rate of 
chemical reaction etc. will all differ for different 
processes. It is well known, for example, that the 
properties of soybean oil differ depending on the 
relatively longer or shorter leaching times utilized. 
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(Treybal, "Mass-Transfer Operations", McGraw-Hill, 
1955. p628). The time required for percolation of a 
liquid through a ground solid depends, of course, on 
such things as the particular solid and liquid and the 

5 particle size and size of the batch, but for a given 
batch and solvent, the steep or contact time during 
percolation is of relatively fixed duration. It .. is 
desirable therefore, to facilitate close control over 
the time of contact of solvent with infusible material. 

10 The ability to vary the pressure of the solvent/in- 
fusible material mixture may be advantageous for 
obtaining beneficial results, for example, to assist in 
breaking cell walls of infusion material. Also, pressu- 
rizing the solvent/batch mixture followed by a 

15 vacuum removal of the extract may facilitate collec- 
tion of volatiles not otherwise released. It is 
advantageous to provide the capability to apply and 
control a desired pressure to aid the infusion 
extraction process. 

20 It is apparent, therefore, that a number of 
variables; type of solvent, steep time, temperature, 
pressure and degree of agitation; have a significant 
influence on not only the speed and efficiency of the 
extraction process but also on the constitution of 

25 the extract itself. The ability to vary each, or any 
combination of these variables would be-advant- 
ageous in a number of ways, for example, ex- 
perimentation on a small scale to determine the 
optimum combination of parameters for extraction 

30 of a given infusible material before scaling up to 
produce it commercially. 

Disclosure of the Invention 
The movement of a solvent, such as heated water, 
35 by use of a piston through a chamber containing 
infusible material is known. Coffee brewing devices 
employing this principle are disclosed in numerous 
patents. 

Many such devices depend on the force ofgravity 

40 acting on the solvent or on weights bearing on the 
solvent to percolate or pressure percolate the 
solvent through the infusible material, for example, 
U.S. Patent No. 3,804.635 to Weber. Others use 
compressed gasses of the force of the incoming 

45 resupply solvent for pressure percolation, for 
example, U.S. Patent No. 3,451,329, to Herrera; 
3.120,170, to Garte; and 3.583,308 to Williams. U.S. 
Patent No. 3,565,641 to King employs a piston to 
force solvent through the infusible material and uses 

50 air to agitate solvent and infusible material. U.S. 
Patent No. 4.189.991 to Haddad uses intermittently 
applied pressure to attempt to agitate the solvent 
and infusible material mixture. 

All of the above patents disclose devices for 

55 moving solvent through the infusible mateial, and 
while one of them, U.S. Patent No. 3,804,635 to 
Weber seeks to control the time of contact of 
solvent with infusible material by controlling the rate 
at which the solvent flows through the infusible 

60 material, none of the above patents teach suspend- 
ing the infusible material in the solvent and controll- 
ing directly the contact time. Furthermore, non 
disclose returning the extract to the first chamber 
following its separation from the infusion residue and 

65 none teach preservation of the volatiles before. 
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during and after extraction. 

Brief Description of the Drawings 

Figure 1 is a cross sectional representation of the 
invention. Figure 2 is a cross sectional representa- 
tion of infusion chamber in an alternate embodiment. 

Best Mode for Carrying Out the Invention 

In Figure 1 is shown an infustion extractor 10 
configured as a zero gravity coffee or tea maker, 
including a fluid chamber 11 having a piston 12 
disposed therein and being encased in a thermos- 
tatically controlled heating element 13 suitably 
insulated for controlling the temprature of its 
contents. Fluid chamber 11 is connected by a 
diverter valve arrangement 14, such as the three-way 
valve, to a fluid feed and dispense line 16 whereby 
fresh solvent 18, in this case water, may enter the 
fluid chamber 1 1 and also whereby after extraction, 
the extract may be dispensed. 

A transfer tube 15 connects the fluid chamber 11 
with an infusion chamber 20. wherein, in this 
embodiment, a flexible bladder 24 is disposed and 
further within which, the infusible material, here 
ground coffee, is enclosed. Infusion chamber 20 is 
provided with a vent 25 to facilitate expansion/col- 
iapse of the bladder 24 and its contents. 

Intermediate of the fluid chamber 11 and the 
infusion chamber 20 and through which an intercom- 
municating fluid must pass, are disposed a first or 
upper perforated screen 21 , a filter 22, and a second 
or lower perforated screen 23 so arranged that the 
screens 21 and 23 position and support the filter 22 
against force exerted by pressure of any fluid 
passing from fluid chamber 1 1 to infusion chamber 
20 and vice versa. 

As shown in Figure 1. valve 14 may be positioned 
such that upon actuation of piston 12, solvent 18 is 
drawn into chamber 19 from feed line 16 which is 
connected to a source of solvent supply. Piston 12 
may be actuated up or down or to an intermediate 
position, depending on desired charge size, by hand 
or by any electrical, mechanical, hydraulic, pneu- 
matic or other suitable actuator 19, under either 
manual or automatic control. Solvent 18 Is heated to 
the desired temperature by a heating element 13 
disposed within or adjacent the fluid chamber 12. 
Temperature of solvent 18 in the fluid chamber 11 
may be controlled by any suitble etectrical, mechan- 
ical or electromechanical method such as thermos- 
tats, timed heating cycles or temperature gage 
observations. 

Once solvent 18 has attained the predetermined 
desired temperature, valve 14 is positioined and 
piston 12 is actuated so as to increase the pressure 
in fluid chamber 1 1 and thus to move the requisite 
size charge of the heated solvent through the 
perforated screens 21, 23 and filter 22 and into the 
bladder 24 of infusion chamber 20 containing the 
first batch of infusible material 30. The elastic 
resistance of the bladder 24, due to its composition, 
size, thickness and configuration is such as to exert 
a pressure on the solvent-infusible material mixture, 
amount of said pressure depending on the size of 
the charge or quantity of solvent 18 pumped into a 



given size bladder 24. The solvent-infusible material 
mixture is allowed to steep or soak for a prescribed 
period of time. 

After the prescribed steep of time for the 

5 particular infusible material, solvent, and extract 
objectives, the valve 14 is positioned and the piston 
12 is actuated so as to separate the extract from the 
resultant extraction residue by reducing the press- 
ure in the fluid chamber 11 and thus drawing the 

10 extract through the perforated screens 21. 23 and 
filter 22 back into fluid chamber 11 where its 
temperature may be controlled (heated or main- 
tained, in the specific embodiment) as required. For 
some extractions it may be advantageous to reduce 

15 the pressure on the extract once it is contained in 
fluid chamber 11. This may be accomplished quite 
readily in the present invention by closing valve 14 
and moving piston 12 up to reduce pressure in fluid 
chamber. 

20 After desired temperature of extract has been 
achieved, valve 14 is positioned and piston 12 is 
actuated to dispense extract through feed/dispense 
line 16 for use or further processing. 

In an alternate embodiment, passage of the 
25 solvent 18 into the infusion chamber 20 may be, by 
appropriate valving (not shown), made directly into 
the infusible material rather than through perforated 
screens 21, 23 and filter 22 if filtration is not required 
at this stage (as is the case in later removing extract 

30 from extraction residue ). 

It is to be understood that heating of solvent 
(water) is norm.ally required in coffee/tea making but 
cooling of solvent, extract, or solvent-infusible 
material combination to a desired temperature could 

35 as readily be accomplished by this invention. 

In another alternative embodiment, infusion cham- 
ber 20 is a sealed pressure vessel wherein the 
infusible material, rather than being enclosed in a 
bladder, may be held in place by a screen basket (29 

40 in Figure 2), porous bag or similar arrangement and 
wherein the solvent may contact the infusible 
material under pressure. 

In a further alternative embodiment the filter 22 
and supporting perforated screens 21, 23 may be 

45 replaced by a porous bag or similar arrangement 
which contains the infusible material and infusioin 
residue within the infusion chamber as solvent is 
injected and extract is withdrawn. 

It should be noted that the common fluid feed and 

50 dispense line 16 as well as the slide valve 14 shown 
in Fig. 1 are illustrative of the specific embodiment 
only. Separate feed and dispense lines and other 
forms of multiple action valves or separate valves are 
also within the purview of the invention. 

55 Also, rather than employing a heated solvent, 
many of the more valuable flavor and fragrance 
extracts are "cold pressed" since heat either 
destroys certain aromatic constituents or extracts 
components deemed undesirable. The invention 

60 could be used as an efficient and less destructive 
apparatus for preparing extracts of delicate aromatic 
plants. The device could also be used to extract 
aromatic components from animal organs, glands, 
and tissues, (e.g., musk). 

65 The infusion extractor could as well be useful as a 
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supercritical fluid extractor and as a pressure 
fermenter or digester. 

Certain gases (e.g., carbon dioxide) display 
unique extractive properties when cooled and 
compressed to supercritical state. For example. 5 
supercritical carbon dioxide decaffeinates coffee 
without leaving a solvent residue. After extraction, 
the coffee is vented and the carbon dioxide escapes 
to the atmosphere. Similarly, supercritical fluids can 
be used to remove the oxidized fraction of cool<ing/ io 
frying oils and for a number of other applications. 

The infusion extractor incorporates a piston which 
creates the pressure necessary to partially create 
supercritical conditions. Cooling is applied to fully 
attain supercritical conditions. 75 

The operation of fermentation units at elevated 
temperatures and under moderate pressures Is a 
rather recent innovation. The infusion extractor is 
capable of operating as a bio-reactor by applying the 
required presure and heating the lower chamber at 20 
thermophilic temperatures. The filter is quite useful 
since it can separate cells at the end of fermentation 
and present the fermentation media and end-pro- 
ducts in a cell-free state. 



Claims 

1. An apparatus for infusion extraction of an 30 
infusible material, by a solvent comprising: 

an hermetically sealed first chamber adapted 
' for receiving the solvent, 

I an hermetically sealed second chamber in fluid 

communication with the first chamber, wherein 35 

» the solvent contacts the Infusible material and 

wherein an extract of the desired constituents 
is formed; 

transfer means for transferring the solvent, 
independent of gravity forces, from the first 40 
chamber to the second chamber and for 
transferring the extract from the second cham- 
ber to the first chamber; and a separator means 
associated with the second chamber adapted 
for separating the extract from an extraction 45 
residue. 

2. Apparatus of Claim 1 wherein the transfer 
means includes means for drawing fresh sol- 
vent into the first chamber. 

3. Apparatus of Claim 1 wherein the transfer 50 
means includes means for dispensing extract 

from the first chamber. 

4. Apparatus of Claim 1 which includes a 
temperature controlling means for controlling 

the contents of the first chamber to a desired 55 
temperature. 

5. Apparatus of Claim 1 which includes a 
temperature controlling means for controlling 
the contents of the second chamber to a 
desired temperature. 60 

6. Apparatus of Claim 1 which includes 
pressurization means for applying and controll- 
ing pressure within the first chamber. 

7. Apparatus of Claim 1 which includes 
pressurization means for controlling pressure 65 



within the second chamber. 

8. Apparatus of Claim 7 wherein the pressuri- 
zation means comprises an expandable, collap- 
sible bladder. 

9. Apparatus of Claim 6 wherein the transfer 
means Includes the pressurization means. 

10. Apparatus of Claim 1 wherein the transfer 
means includes a piston acting within the first 
chamber. 

1 1 . Apparatus of Claim 10 wherein the transfer 
means further includes a multiple valve means. 

12. Apparatus of Claim 1 wherein the separator 
means includes a filter. 

13. Apparatus of Claim 1 wherein the separator 
means Includes an enclosure having fluid-pas- 
sing openings sufficiently small to restrain the 
infusible material and the extraction residue. 

14. An apparatus for extracting constituents 
from an infusible material through infusion 
extraction by a solvent and separating the 
extract thus formed from the extraction residue, 
comprising: 

an hermetically sealed first chamber having a 

piston closely received therein ; 

means for reciprocating the piston within the 

first chamber to increase the decrease press- 

ure within the first chamber; - ins: 

an hermetically sealed second chamber in fluid -* ^ 

communication with the first chamber, having riz 
therein the infusible material and wherein the - '-ie 

extract and the extraction residue may be z-^-.^ 
formed; and :. 
valve means for providing fluid communication *v - . 

selectively between the first chamber and the *- * "v. 

second chamber, between the first chamber ^ 
and a source for the solvent, and between the , 
first chamber and a sink for the extract. - 'sr -ra 

15. Apparatus of Claim 14 which includes ''\c^.cz 
means for controlling the temperature of the " 
contents of the first chamber, 

16. Apparatus of Claim 14 which includes 
means for applying pressure to contents of the 
second chamber. 

17. Apparatus of Claim 14 further comprising 
means for controlling pressure within the 
second chamber. 

18. Apparatus of Claim 14 wherein means for 
separating the extract from the extraction 
residue comprises a membrane-like filter per- 
meable only to fluids. 

19. The process of infusion extraction of an 
infusible material, comprising the steps of: 
drawing hermetically a solvent into an hermeti- 
cally sealed first chamber; 

heating hermetically the solvent to a desired 
temperature; 

transferring hermetically, independently of grav- 
ity forces, the heated solvent into an hermeti- 
cally sealed second chamber containing the 
infusible material; 

controlling hermetically the desired pressure of 
the solvent and the infusible material in the 
second chamber; 

holding hermetically the solvent and infusible 
material in the second chamber for a period of 
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time effective for infusion extraction of the 
infusible material; 

capturing by infusion extraction in an extract, 
the desirable constituents of the infusible 
material; and 5 
removing hermetically the extract thus formed 
into the first chamber leaving an extraction 
residue in the second chamber. 

20. The process of Claim 19 comprising the 
further step of controlling hermetically the 10 
pressure of the extract in the first chamber. 

21. The process of Claim 19 comprising the 
further step of controlling the temperature of 
the solvent and the infusible material in the 
second chamber. 15 

22. The process of infuison extraction of an 
Infusible material, comprising the steps of: 
opening a source valve between a source of 
solvent and an hermetically sealed first cham- 
ber. 20 
moving a piston within the first chamber to 
reduce the pressure in the first chamber, 

drawing solvent through the source valve into 
the first chamber, 

closing the source valve, 25 
applying heat to the solvent in the first chamber, 
controlling the temperature of the solvent in the 
first chamber, 

opening a transfer valve Interconnecting the 
first chamber and a hermetically sealed second 30 
chamber wherein the infusible material Is lo- 
cated, 

moving the piston within the first chamber to 
increase the pressure in the first chamber, 
transferring the heated solvent from the first 35 
chamber through the transfer valve into the 
second chamber, 

contacting the infusible material with the heated 
solvent for a period of time effective for infusion 
extraction to produce an extract and an extrac- 40 
tion residue, 

moving the piston in the first chamber to reduce 
the pressure in the first chamber, 
separating the extract from the extraction 
residue by passing the extr^ r;: "hrough a filter, 45 
transferring the extract fron second cham- 
ber through the transfer valve to the first 
chamber, 

closing the transfer valve, 

heating the extract, 50 
controlling the temperature of the extract in the 
first chamber, 
opening a tap valve, 

moving the piston in the first chamber to 
increase the pressure in the first chamber, and 55 
drawings off the extract from the first chamber 
through the tap valve, 
and performing all steps hermetically. 

60 



65 
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